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ubclinical Atherosclerosis and Incipient Regional
yocardial Dysfunction in Asymptomatic Individuals
he Multi-Ethnic Study of Atherosclerosis (MESA)
erônica R. S. Fernandes, MD, PHD,* Joseph F. Polak, MD, MPH,† Thor Edvardsen, MD, PHD,*
enilton Carvalho, MSC,‡ Antoinette Gomes, MD,§ David A. Bluemke, MD, PHD,*
hurram Nasir, MD, MPH,* Daniel H. O’Leary, MD,† João A. C. Lima, MD, FACC*
altimore, Maryland; Boston, Massachusetts; and Los Angeles, California
OBJECTIVES This study sought to determine whether increased carotid intima-media thickness (IMT) is
related to reduced regional myocardial function in participants of the Multi-Ethnic Study of
Atherosclerosis (MESA).
BACKGROUND Carotid artery IMT is an established index of subclinical atherosclerosis, and tagged magnetic
resonance imaging (MRI) can detect incipient alterations of segmental function that precede
overt myocardial failure.
METHODS The MESA study is a prospective observational study including four ethnic groups free from
clinical cardiovascular disease. Peak midwall systolic circumferential strain (ECC) and
regional strain rates were calculated by harmonic phase from tagged MRI data of 500
participants. Systolic ECC and diastolic strain rate were regressed on IMT of the common
carotid artery defined by ultrasound, with adjustments for body mass index, blood pressure,
cholesterol, diabetes, smoking, left ventricular hypertrophy, C-reactive protein, age, and
gender.
RESULTS The mean participant age was 66  10 years (mean  SD). Among the 58 participants, 4%
were male and the interquartile (25th to 75th percentile) range for IMT was 0.25 mm.
Multiple linear regression analyses showed that increased IMT was related to reduced systolic
regional function (less shortening ECC) in all myocardial regions (p  0.05), except in the
inferior wall. The analyses also showed that greater IMT was associated with a lower diastolic
strain rate (diastolic reduced function) in all regions (p  0.01), except in the anterior wall.
CONCLUSIONS Greater carotid IMT is associated with alterations of myocardial strain parameters reflecting
reduced systolic and diastolic myocardial function. These observations indicate a relationship
between subclinical atherosclerosis and incipient myocardial dysfunction in a population free
of clinical heart disease. (J Am Coll Cardiol 2006;47:2420–8) © 2006 by the American
ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.12.075College of Cardiology Foundation
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ctherosclerosis is the main etiologic determinant of heart
ailure in the industrialized world (1). Therefore, the early
nd accurate identification of asymptomatic individuals with
ubclinical atherosclerosis who are at risk of developing
ongestive heart failure (CHF) caused by coronary artery
isease (CAD) is the main starting point for the implemen-
ation of effective primary prevention strategies. Moreover,
ecause treatment of asymptomatic persons with impaired
eft ventricular (LV) systolic function has been shown to
elay the onset of overt heart failure (2), the identification of
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lso supported by the Reynolds Foundation, and Dr. Fernandes was a recipient of a
esearch grant from CAPES, Ministry of Education, Brazil Government. Daniel S.
erman, MD, acted as Guest Editor for this manuscript.s
Manuscript received June 16, 2005; revised manuscript received August 24, 2005,
ccepted December 12, 2005.ndividuals with regional myocardial dysfunction but no
ymptoms becomes paramount to prevent overt symptom-
tic failure.
Carotid artery intima-media thickness (IMT) is a well-
stablished subclinical marker of atherosclerosis. It indicates
arly manifestation of atherosclerosis in the carotid arteries
3–5), but is also associated with future cardiovascular events
6–8), asymptomatic myocardial ischemia (9), coronary risk
actors (10), and changes in risk factors induced by thera-
eutic interventions (11). Similarly, cardiac magnetic reso-
ance imaging (MRI) with tissue tagging can provide
etailed analysis of global and regional LV function with
reat accuracy and reproducibility (12). Indeed, tagged MRI
f the heart is considered to be the gold standard method for
he detailed assessment of myocardial mechanics noninva-
ively (13). These properties make MRI tagging ideal for
easuring incipient alterations of regional myocardial func-
ion in large epidemiologic studies designed to investigate
he development and progression of subclinical cardiovas-
ular disease, such as the Multi-Ethnic Study of Athero-
clerosis (MESA).
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June 20, 2006:2420–8 Increased Carotid IMT and LV DysfunctionThus, the present study examines the hypothesis that
arly regional LV dysfunction assessed as alterations of
yocardial strains by tagged MRI correlate directly to
ubclinical atherosclerosis in individuals without heart fail-
re or history of any other clinical cardiac disease. We
nvestigated this hypothesis in asymptomatic participants of
he MESA trial, adjusting for traditional and nontraditional
isk factors for CAD.
ETHODS
tudy population. The MESA trial design and population
haracteristics have been described in detail elsewhere (14).
riefly, the MESA trial is a prospective population-based
bservational cohort study of men and women from four
ifferent ethnic groups (Caucasian, African-American, His-
anic, and Chinese), ages 45 to 85 years old, who were free
f clinical cardiovascular disease at enrollment.
Five hundred consecutive MRI studies with exact time
nformation performed in the six field centers (Wake Forest
niversity, North Carolina; Columbia University, New
ork; Johns Hopkins University, Maryland; University of
innesota, Minnesota; Northwestern University, Illinois;
nd University of California at Los Angeles, California)
ere included in the regional function analyses. The study
opulation consisted of 209 women and 291 men, and all
articipants gave informed consent for the study protocol,
hich was approved by the institutional review boards of all
ESA Field Centers and MRI and Ultrasound Reading
enters.
RI protocol. Images were obtained using 1.5-T MR
canners (Signa LX and CVI, GE Medical Systems,
ankesha, Wisconsin, and Siemens Medical Solutions
ision and Sonata, Erlangen, Germany) using
lectrocardiogram-triggered segmented k-space fast spoiled
radient-echo (SPGR or FLASH) pulse sequence during
reath holds. Dedicated phase array coils were used for
ignal acquisition. After concluding the standard imaging
rotocol, three tagged short-axis slices were acquired at the
V base, midlevel, and apex. Parallel striped tags were
Abbreviations and Acronyms
CAD  coronary artery disease
CHF  congestive heart failure
ECC  circumferential shortening strain
HARP  harmonic phase
HDL  high-density lipoprotein
IMT  intima-media thickness
LV  left ventricular
LVH  left ventricular hypertrophy
MESA  Multi-Ethnic Study of Atherosclerosis
MRI  magnetic resonance imaging
SRE  early diastolic strain rate
SRS  peak systolic strain raterescribed in two orthogonal orientations (0° and 90°) using
e
fdentical pulse sequence with additional spatial modulation
f magnetization (SPAMM) (15). The parameters for
agged MRI images were: field of view 40 cm; slice
hickness 8 to 10 mm; repetition time 3.5 to 7.2 ms; echo
ime 2.0 to 4.2 ms; flip angle 12°; matrix size 256  96 to
40; 4 to 9 phase-encoding views per segment; temporal
esolution 20 to 41 ms; and tag spacing 7 mm.
RI data analysis. The LV mass, LV end diastolic
olume, and ejection fraction (EF) were determined for
ach study using commercially available software (MASS,
ersion 4.2, Medis, the Netherlands). Short-axis tagged
lices were analyzed by the harmonic phase (HARP)
ethod (Diagnosoft, Palo Alto, California) to assess
train (16) as well as strain rate. Strain and strain rate
rovide complementary information on segmental myo-
ardial function (17,18). Regional systolic circumferential
hortening strains (ECC) were determined in four LV
egments (anterior, lateral, posterior, and septal) from
he LV midwall layer and strain rate was derived by
ntegrating strain measurements over time for each LV
egment.
igure 1. Representative strain rate (upper) and circumferential shortening
train (lower) curves from one participant. This example is showing a
ypical strain rate pattern with a marked E-wave in early diastole and a less
ronounced A-wave close to end diastole. ECC  shortening circumfer-
ntial strain; ERE  E-wave from diastolic strain rate; SRA  A-wave
rom diastolic strain rate; SRS  peak systolic strain rate.
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ECC2  ECC1
T2  T1
eak systolic strain and strain rate (SR) were assessed as
llustrated in Figure 1. Peak systolic strain rate (SRS) and
arly diastolic strain rate (SRE) were obtained from strain
easures from each segment (Fig. 1). By convention,
ystolic strains and systolic strain rates are negative, and
ncreased negativity denotes enhanced function. The SRE
ould be assessed in 85% of all studies and represented the
ain index of diastolic function used.
arotid imaging protocol and data analysis. The carotid
rteries were evaluated with high-resolution B-mode ultra-
onography. One real time transverse (short-axis) scanning
equence and one longitudinal image of the common carotid
rtery were acquired. Measurements were made at a central
eading center by readers blinded to all clinical information.
he maximal IMT of the common carotid artery was
efined as the mean of the maximal IMT of the near and far
all on both the left and right sides, and it was measured at
0 mm proximal to the common carotid bulb (Fig. 2). The
alues were expressed as mean  standard error in millime-
ers. The real-time transverse (short-axis) scanning se-
uence consists of a sweep of the carotid artery from the
ase of the common, up through the bulb, into the internal
arotid, and back down to the base of the common carotid
rtery.
eproducibility of HARP. To assess the interobserver and
ntraobserver agreement for myocardial MR-tagged image
nalysis using the HARP technique, three independent
bservers performed two separate quantitative strain analy-
es of myocardial cine MR tagging images blindly in 24
ESA trial participants. Interobserver and intraobserver
ariability for all peak strain values (n  2,592) related to tag
ersistence. Intraclass correlation coefficients R for interob-
erver and intraobserver agreement for peak systolic midwall
CC were 0.81 and 0.84, respectively, showing excellent
igure 2. Representative cartoon of a carotid artery showing the location
or measurement in an ultrasound examination. The circle shows the
ommon carotid segment used to measured intima-media thickness in our
tudy.greement (19). ltatistical analysis. Data are presented as mean  stan-
ard error. Multiple linear regression was used to determine
he relationship of common carotid IMT with regional
ystolic (ECC) and diastolic function (SRE). We considered
he first model to be the simple linear regression of ECC or
train rate on IMT. The variables adjusted for in the second
odel were age, gender, body mass index, blood pressure,
otal cholesterol, high-density lipoprotein (HDL) choles-
erol, diabetes, and smoking. Furthermore, to determine
hether LV hypertrophy and inflammation attenuates the
ssociation between subclinical atherosclerosis and regional
V function, we added end-diastolic LV mass and C-
eactive protein (third model). Finally, to evaluate whether
he associations remained significant after adjustment for
herapies for CAD risk factors, we added data on medica-
ions to control hypertension, diabetes, and hypercholester-
lemia (fourth model). Differences in systolic strain and
eak diastolic strain rate for various IMT tertiles across
ifferent myocardial regions were compared using one-way
nalysis of variance. Pairwise comparisons were made using
ost-hoc Bonferroni correction. Two-sided probability val-
es 0.05 were considered statistically significant.
ESULTS
emographic and hemodynamic data as well as the risk
actor profile for the subset of 500 participants enrolled in
his substudy are presented in Table 1. The study popula-
able 1. Characteristics and Risk Factor Distribution of the 500
tudy Participants
Characteristics Value*
ge (yrs) 65.9  9.8
ale (%) 58.2
ace (%)
Caucasian 31.2
Chinese American 1.4
African American 20.6
Hispanic 46.8
ystolic blood pressure (mm Hg) 126.9  20.54
iastolic blood pressure (mm Hg) 72.4  10.52
ody mass index 28.1  4.26
V end-diastolic mass (g) 153.70  39.21
V end-diastolic volume (ml) 129.80  30.9
V ejection fraction (%) 67.7  7.40
ypertension (%) 41
iabetes (%) 17.6
igarette smoking (%)
Former 39.6
Current 11.6
riglycerides (mg/dl) 134.6  84.04
otal cholesterol (mg/dl) 195.41  34.81
DL-C (mg/dl) 49.8  14.1
DL (mg/dl) 118.9  29.7
RP (mg/l) 3.4  5.22
aking medication for hypertension (%) 33.3
aking medication for high cholesterol (%) 17
aking medication for diabetes (%) 11.5
Plus-minus values are means  SD.
CRP  C-reactive protein; HDL  high-density lipoprotein cholesterol; LDL 
ow-density lipoprotein cholesterol; LV  left ventricular.
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June 20, 2006:2420–8 Increased Carotid IMT and LV Dysfunctionion was 58.2% male, 20.6% African American, 46.8%
ispanic, 1.4% Chinese American, and 31.2% Caucasian
ith mean age of 66  10 years.
arotid IMT and regional LV systolic function. The
ean common carotid IMT for the 500 study participants
as 0.86  0.2 mm (mean  SD) and the interquartile
25th to 75th percentile) range for IMT was 0.25 mm.
arotid IMT 1 mm was found in 106 (21%) participants.
he odds of presenting with IMT 1mm were 69% higher
or men compared with women (OR  1.69; 95% CI 1.07
o 2.66).
Figure 3 shows mean systolic strains according to IMT
ategories among all myocardial regions. Consonant with
he observed direct linear relationships between IMT and
egional function in different myocardial regions (Table 2),
articipants in the highest tertiles for carotid IMT (highest
MT) had decreased circumferential shortening strains (in
bsolute ECC values) in the lateral, inferior, and septal walls
igure 3. Direct linear relationships between increased intima-media thick
articipants in the highest tertiles for carotid IMT (highest IMT) had d
hortening strain (ECC) in the lateral, inferior, and septal walls when com
Table 2. Association of Carotid IMT With M
for IMT)
S
Model 1* Model 2
Anterior 0.05 (0.11 to 0.22) 0.16 (0.01 to 0
Lateral 0.33 (0.17 to 0.48)¶ 0.14 (0.01 to 0
Inferior 0.24 (0.06 to 0.42) 0.17 (0.05 to
Septal 0.39 (0.23 to 0.55)¶ 0.22 (0.08 to 0
Regression coefficients (95% confidence interval) represen
Circumferential shortening (ECC) is negative. Positive co
gender, race, body mass index, systolic and diastolic blo
cigarette smoking were included in the multiple linear regres
C-reactive protein were added (model 3). §Drugs for c
added (model 4). p  0.05. ¶p  0.001.
IMT  intima-media thickness; other abbreviations as in Tablhen compared with individuals in the lowest IMT tertile.
ignificant differences in lateral wall peak systolic strains
ere observed between the first and second (ECC  21%
s.19.7%; p 0.05), as well as between the first and third
MT tertiles (ECC  21% vs. 19%; p  0.0001).
oreover, septal wall peak systolic strains were significantly
ower in the MESA trial participants in the third IMT
ertile (ECC  14.4%) compared with individuals in the
rst (ECC  16.7%) and second (ECC  16.2%)
ertiles (p  0.0001 for both). Similar differences were also
vident in the inferior wall with reduced function shown
etween the first and third IMT tertiles (ECC  14.8%
s. 13.4%; p  0.05).
The results of multiple linear regression analyses that also
ncorporated adjustment for risk factors and therapies to
ontrol CAD risk factors are shown in Table 2. Regression
oefficients for ECC represent percent ECC differences for
.1 mm IMT increments. The analyses for model 1 (unad-
IMT) and regional decreased function in the different myocardial regions;
ed circumferential shortening strain in absolute values of circumferential
d with individuals in the lowest tertiles (less IMT).
rdial Systolic Strain (Regression Coefficients
c Strains (%)
Model 3‡ Model 4§
0.17 (0.02 to 0.32) 0.18 (0.03 to 0.32)
0.11 (0.01 to 0.27) 0.15 (0.02 to 0.28)
) 0.15 (0.02 to 0.31) 0.15 (0.02 to 0.30)
0.19 (0.05 to 0.32) 0.18 (0.04 to 0.32)
rence in systolic strains per 0.1-mm increase in IMT.
ts indicate reduced systolic function. *Unadjusted. †Age,
essure, diabetes, total cholesterol, HDL cholesterol, and
odels as covariates. ‡Left ventricular end-diastolic mass and
ing blood pressure, high cholesterol, and diabetes wereness (yoca
ystoli
†
.30)
.26)
0.38
.34)
t diffe
efficien
od pr
sion m
ontrolle 1.
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Increased Carotid IMT and LV Dysfunction June 20, 2006:2420–8usted), model 2 (adjusted for age, gender, body mass index,
lood pressure, total cholesterol, HDL cholesterol, diabetes,
nd smoking), model 3 (including C-reactive protein and
eft ventricular hypertrophy [LVH]) and model 4 (model 3
lus data on antihypertensive, diabetes, and lipid-lowering
herapies) showed that increased IMT was associated with
educed regional LV function (expressed as a lower absolute
alue of ECC) in the lateral and septal wall of the LV (p 
.05). In the inferior wall, the association between ECC and
ncreased IMT was statistically significant only in the
nadjusted model (model 1). Conversely, in the anterior
all, a significant positive association between increased
arotid IMT and circumferential shortening strain (ECC)
as seen only after adjustment for variables included in
odels 2, 3, and 4 (p  0.05).
arotid IMT and regional LV diastolic function. Sig-
ificant negative correlations between subclinical athero-
clerosis and diastolic regional myocardial function were
lso detected (Table 3). Figure 4 shows that peak early
iastolic strain rate was significantly lower among indi-
iduals in the third (greatest) IMT tertile compared with
igure 4. Mean diastolic strain rates in the different myocardial regions we
able 3. Association of Carotid IMT With Myocardial Diastolic
Dia
Model 1* Model 2†
nterior 0.03 (0.07 to 0.003) 0.01 (0.04 to 0.02)
ateral 0.07 (0.12 to 0.02) 0.04 (0.08 to 0.0
nferior 0.07 (0.11 to 0.03)¶ 0.03 (0.07 to 0.0
eptal 0.09 (0.12 to 0.06)¶ 0.05 (0.07 to 0.0
egression coefficients represent the difference in diastolic strain rate per 0.1-mm incr
ressure, diabetes, total cholesterol, HDL cholesterol, and cigarette smoking were inc
ass and C-reactive protein were added (model 3). §Drugs for controlling blood pr
Abbreviations as in Table 2.he first intima-media thickness (IMT) tertile in the anterior, inferior, and sept
ith those individuals in the first IMT tertile in the anterior and septal walls (hose in the first IMT tertile (least IMT) in the anterior
SRE  1.3 s
1 vs. 1.5 s1; p  0.05), inferior (SRE 
.37 s1 vs. 1.67 s1; p  0.05), and septal walls of the
V (SRE  0.98 s
1 vs. 1.42 s1; p  0.001). Moreover,
iastolic function was also lower for participants in the
econd IMT tertile as compared with those individuals
ith the worst degree of subclinical atherosclerosis (third
MT tertile) in the anterior (SRE  1.53 s
1 vs. 1.3 s1;
 0.05) and septal (1.2 s1 vs. 0.98 s1; p  0.05) LV
alls. Similar trends were observed for the lateral wall,
ut those were not statistically significant (Fig. 4). Linear
nadjusted relationships were stronger in the septal and
nferior walls (p  0.001) compared with the anterior and
ateral wall segments. More importantly, results shown in
able 3 also indicate strong associations between lower
iastolic function expressed as reduced diastolic strain
ate (SRE) and increased common carotid IMT even after
djustment for risk factors and therapies to control risk
actors in the lateral, inferior, and septal walls seen in all
odels (Table 3). The SRE in the anterior wall showed a
ignificant negative association (lower function) with
nificantly lower among individuals within the third tertile compared with
in Rate (Regression Coefficients for IMT)
Strain Rate (s1)
Model 3‡ Model 4§
0.01 (0.32 to 0.03) 0.0005 (0.03 to 0.03)
0.05 (0.09 to 0.01) 0.05 (0.09 to 0.01)
0.03 (0.06 to 0.0002) 0.03 (0.07 to 0.0006)
0.04 (0.07 to 0.01) 0.04 (0.07 to 0.01)
IMT. *Unadjusted. †Age, gender, race, body mass index, systolic and diastolic blood
in the multiple linear regression models as covariates. ‡Left ventricular end-diastolic
high cholesterol, and diabetes were added (model 4). p  0.05. ¶p  0.001.re sigStra
stolic
2)
02)
2)¶
ease in
ludedal walls (p  0.05), as well as within the second IMT tertile as compared
p  0.05). SRE  early diastolic strain rate (E-wave).
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June 20, 2006:2420–8 Increased Carotid IMT and LV Dysfunctionommon carotid IMT (p  0.05) only in the unadjusted
odel (model 1).
ging and regional LV systolic and diastolic dysfunc-
ion. Because carotid IMT is directly related to age, we
erformed additional statistical analyses to control for the
nfluence of aging on regional systolic and diastolic dysfunc-
ion as a potential confounder to the atherosclerosis-
egional dysfunction relationship. These analyses showed
hat although diastolic myocardial dysfunction is influenced
y age (Table 4), the effect of IMT on diastolic myocardial
erformance persisted despite additional statistical control
or aging in the entire data set. On the other hand, the effect
f aging on systolic myocardial function was much less
ronounced and only the septal and lateral myocardial
egions showed significant inverse relationships with aging.
y contrast, LV ejection fraction increased with age among
ESA trial participants (Table 4). Although important and
n part novel, age-mediated influences did not alter the
undamental relationships between IMT and regional myo-
ardial systolic and diastolic dysfunction reported in this
tudy.
ISCUSSION
his study provides evidence of a direct relationship be-
ween subclinical atherosclerosis and reduced regional LV
ystolic and diastolic function in asymptomatic individuals
ithout previous clinical cardiovascular disease. We found
onsistent associations between carotid IMT and decreased
yocardial systolic and diastolic strains measured by MRI
issue tagging, which is considered to be the gold-standard
echnique for regional LV functional assessment. Because
hese atherosclerosis-related alterations in LV function
ccur much earlier than previously anticipated, the findings
ave important implications to preventive efforts designed
o curb the current “heart failure epidemics” seen in the U.S.
nd Europe.
arotid IMT and regional systolic myocardial function.
his study challenges the notion that atherosclerosis, the
able 4. Association of Age With Global and Regional Left Ven
Model 1* Mo
jection fraction (%) 0.16 (0.12 to 0.21)¶ 0.07 (0.02
ystolic strain ECC (%)**
Anterior 0.02 (0.04 to 0.01) 0.01 (0.
Lateral 0.05 (0.03 to 0.07)¶ 0.07 (0.04
Inferior 0.002 (0.03 to 0.03) 0.03 (0.
Septal 0.04 (0.02 to 0.07)¶ 0.08 (0.05
iastolic strain rate (s1)**
Anterior 0.003 (0.01 to 0.002) 0.005 (0.
Lateral 0.007 (0.01 to 0.0002)# 0.01 (0.
Inferior 0.006 (0.01 to 0.0001)# 0.01 (0.
Septal 0.004 (0.01 to 0.0003) 0.01 (0.
Unadjusted. †Gender, race, body mass index, systolic and diastolic blood pressure,
ultiple linear regression models as covariates. ‡Left ventricular end-diastolic mass a
holesterol, and diabetes were added (model 4). Regression coefficients represent the d
*Regression coefficients represent the difference in strain Ecc or diastolic strain rate
Abbreviations as in Table 2.ost common etiology of heart failure in the industrialized corld, impairs cardiac function by causing discrete clinical
pisodes of myocardial infarction or ischemia. We found
hat increased carotid IMT is associated with reduced
egional myocardial systolic function in specific myocardial
erritories (p  0.05) after adjustment for traditional and
ewer CAD risk factors. Indeed, the associations between
ncreased IMT and reduced regional LV function re-
ained significant after taking into account age, gender,
lood pressure, cholesterol and HDL levels, cigarette
moking, diabetes, C-reactive protein levels, and LV
ass, as well as therapy to control diabetes, hypertension,
nd hypercholesterolemia.
The IMT is a reliable indicator of the presence and extent
f atherosclerosis in the coronary arteries and a common
urrogate end point in epidemiologic studies (20–22) and
linical trials (23,24). Because asymptomatic global LV
ysfunction is considered to be a subclinical marker of heart
ailure because of its frequent progression to symptomatic
HF (25,26), the IMT-related alterations of regional LV
unction reported in this study could represent the earliest
igns of myocardial functional impairment in the heart
ailure continuum.
In this regard, potential mechanisms of incipient regional
V dysfunction induced by atherosclerosis deserve discus-
ion. The IMT as a marker of atherosclerosis reflects a
reater incidence of large epicardial vessel CAD with
ossible consequent distal damage induced by coronary
cclusion and/or embolization secondary to plaque rupture.
n a previous study, using the same MESA subcohort we
ave shown that large-vessel atherosclerosis indexed as
oronary calcification of a specific arterial bed is associated
ith regional dysfunction measured by MRI tissue tagging
n the corresponding perfusion territory (27). On the other
and, it is also possible that in the presence of asymptomatic
ardiac disease with early subclinical atherosclerosis, in-
reased resistance in smaller microvessels (28) might reduce
oronary flow reserve or cause repeated stunning from
ecurrent ischemia, consequently altering local myocardial
lar Function (Regression Coefficients for Age)
† Model 3‡ Model 4§
12)# 0.04 (0.01 to 0.09) 0.03 (0.2 to 0.08)
0.04) 0.01 (0.04 to 0.03) 0.01 (0.04 to 0.03)
10)¶ 0.06 (0.03 to 0.09)¶ 0.06 (0.02 to 0.09)¶
0.06) 0.03 (0.004 to 0.07) 0.03 (0.01 to 0.06)
10)¶ 0.09 (0.06 to 0.12)¶ 0.08 (0.06 to 0.11)¶
0.007) 0.004 (0.01 to 0.003) 0.003 (0.01 to 0.004)
0.0004)# 0.01 (0.02 to 0.001)# 0.01 (0.02 to 0.0001)#
0.004)# 0.01 (0.02 to 0.003)# 0.01 (0.02 to 0.004)#
0.002)# 0.01 (0.01 to 0.001)# 0.01 (0.01 to 0.001)#
es, total cholesterol, HDL cholesterol, and cigarette smoking were included in the
reactive protein were added (model 3). §Drugs for controlling blood pressure, high
ce in left ventricular ejection fraction per 1-yr increase in age. ¶p 0.05. #p 0.001.
yr increase in age.tricu
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MT and myocardial flow reserve in patients with coronary
eart disease assessed by positron emission tomography.
hat study showed that thickened common carotid IMT
as a good indicator of reduced myocardial flow reserve,
ommonly linked to early-phase coronary atherosclerosis
29). The latter studies complement our own results as well
s other recent findings from the MESA trial, indicating
hat the magnitude of coronary calcification is also associ-
ted with impaired regional LV function (27). Finally, the
elationship between increased IMT and reduced regional
unction persisted despite control for LVH (30) and hyper-
ension (31), both known to also relate to incipient regional
ysfunction (30,31).
In summary, a novel paradigm relating subclinical ath-
rosclerosis to incipient myocardial systolic dysfunction
merges from previous and recent studies using more
owerful methodology to measure the initial manifestations
f cardiovascular pathologic processes.
arotid IMT and regional myocardial diastolic function.
imilarly, our results show IMT-related alterations of myo-
ardial relaxation in the absence of symptomatic heart
ailure. We found that greater carotid IMT is associated
ith diastolic impaired performance in specific LV wall
egments (p  0.05) after adjustment for CAD risk factors
nd aging. These results are also consistent with findings
eported by Parrinello et al. (32), who showed strong
elationships between increased IMT and diastolic dysfunc-
ion independent of the presence of LVH in a cohort of 142
ncomplicated individuals with recently discovered hyper-
ension. Moreover, we also showed that the IMT-
yocardial dysfunction relationship remained statistically
ignificant despite control for the known effect of aging on
iastolic dysfunction (33). In this regard, we also showed
hat despite the positive relationship between LV ejection
raction and age, regional systolic myocardial function is
nversely related to age in specific myocardial territories
septal and lateral walls) (Table 4). The latter findings are
ovel, and support the concept that age-associated myocyte
enescence may eventually lead to systolic dysfunction and
eart failure (34).
In the Cardiovascular Health Study, Gottdiener et al.
35) showed that symptomatic CHF is frequently accom-
anied by intact systolic function. In that study, atheroscle-
osis indexed by carotid IMT was predictive of incident
vert systolic and diastolic heart failure (8). Although clearly
ecognized as a common syndrome in clinical practice and
rospective cohort studies of elderly populations (36), sub-
linical predictors of CHF with preserved systolic function
emain undefined.
A recent study by Baicu et al. (37) showed that diastolic
ysfunction is believed to be the main mechanism of
ymptomatic heart failure in individuals with a normal
jection fraction. The study indicates that patients with
iastolic heart failure had normal measurements of LV
ystolic performance, function, and contractility. Abnormal aelaxation may be an early response to cardiac overload
aused by hypertension (8) and/or the combination of
entricular-arterial stiffening in response to stress demands
38) or other disease processes that cause CHF with
reserved systolic function in the presence (39) or absence
40) of LVH. However, the persistent significance of the
elationship between increased carotid IMT and regional
iastolic dysfunction documented in this study after adjust-
ent for hypertension and LVH in addition to other CAD
isk factors and aging argues in favor of yet additional
echanisms that could contribute to myocardial dysfunc-
ion in individuals with increased carotid IMT. In this
tudy, by controlling for CAD risk factors, we show that
stablished subclinical disease indexed as increased carotid
MT is related to the presence of incipient subclinical
egional systolic and diastolic dysfunction not indepen-
ently, but in addition to the effects of traditional risk
actors. Finally, structural alterations of the carotid arterial
all as the IMT increases are associated with modifications
f intracellular matrix with increased collagen deposition
nd arterial stiffness (41), leading to increased pressure wave
ropagation, increased pressure afterload, and LV diastolic
ysfunction (8,42). These alterations in carotid IMT could
n part reflect the early associations with systolic and
iastolic myocardial dysfunction reported in this study.
ethodologic considerations. Our results show alter-
tions in myocardial contractility in the absence of overt
eart failure. However, the prognostic significance of re-
ional myocardial dysfunction in individuals with increased
MT, as seen in our study, is yet to be determined.
urthermore, in our study the selection and enrollment of
he sample studied was not completely random; conse-
uently, the prevalence of the various risk factors may not
xactly reflect the overall MESA study population. More
mportantly, because of the cross-sectional nature of our
tudy, we cannot imply causality by describing relationships
etween subclinical atherosclerosis and regional myocardial
lterations. Therefore, further prospective studies should be
erformed and longitudinal inferences await confirmation
rom such future observations.
Because tags fade sometimes before the following elec-
rocardiographic QRS, strain profiles and curves do not
lways return to baseline (zero) at end diastole (19). Indeed,
everal other factors, including the normal beat-to-beat
ariation in stroke volume, may contribute to the limitations
f MRI tagging. For these reasons, because strain rate is a
erivative strain over time, and directly dependent on strain
rofile, 15% of strain rate curves could not be assessed
eliably. In this regard, strain rate measured by echocardi-
graphy has superior temporal resolution.
By contrast, several other methodologic considerations
nderscore the importance of this study to our understand-
ng of incipient myocardial dysfunction as potential predic-
ors of CHF. From the statistical analysis standpoint,
ualitative homogeneity was observed among models 2, 3,
nd 4, reflecting a consistent pattern of associations for
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June 20, 2006:2420–8 Increased Carotid IMT and LV Dysfunctionegional indices of both systolic and diastolic function.
oreover, this is the first study relating carotid IMT to
irect measurements of circumferential strain from MRI
issue tagging in a large sample of asymptomatic individuals
ith no previous history of clinical cardiovascular disease.
hese results are particularly important given the estab-
ished value of the carotid IMT technique as an index of
therosclerosis in cardiovascular research (43), and the
nique accuracy and reproducibility of MR tissue tagging as
he gold-standard method for objective measurements of
egional myocardial function.
onclusions. Our study documents for the first time the
trong association of increased carotid IMT with regional
V systolic and diastolic dysfunction in asymptomatic
ndividuals without a history of clinical cardiovascular dis-
ase. It also shows the ability of MRI tagging to measure
yocardial strain and strain rate in large populations, and
lso provides important insight into the complex patho-
hysiology of incipient myocardial failure in industrialized
opulations.
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